Within a prospective study of 56,109 total births, 457 youngsters have been found to have congenital heart disease. The overall incidence is 8.14/1000 total births, 8.0/1000 for the Negro and 8.3/1000 for the white. A Spontaneous closure racardiac malformations Racial relative rarity of congenital cardiac defects, and the natural history of many of these lesions, it is also not surprising that in previous studies various truncations have occurred, i.e., absence of specific lesion diagnosis, data restricted to autopsied patients, or experience limited to a single hospital. This study, while having some limitations, provides rates by specific lesion for total births (stillbirths and live births) among 56,109 whites and blacks at
SUMMARY
Within a prospective study of 56,109 total births, 457 youngsters have been found to have congenital heart disease. The overall incidence is 8.14/1000 total births, 8.0/1000 for the Negro and 8.3/1000 for the white. A specific lesion has been identified for each patient and lesion frequencies given for each class of patient, stillbirth, neonatal death, infant death, childhood death, and survivors. The percentage of autopsies was 93% in the stillbirths, 89% in the neonatal deaths, and 76% for those dying after 28 days of age. Of those classified as having definite congenital heart disease, 93% have been examined by a pediatric cardiologist. The average follow-up time for the 272 survivors is 3 years. Thirty-five per cent of patients with ventricular septal defect surviving more than 6 months had their lesion close spontaneously; one-half of the survivors with tetralogy of Fallot were "atypical," and essentially equal numbers of blacks and whites had all types of coarctation of the aorta in line with the study population, which is 47% black and 53% white.
Additional Indexing Words:
Prevalence Stillbirths Ventricular septal defects Ext INASMUCH as incidence is the measure most directly descriptive of the occurrence of disease and hence the causal factors concerned with it,' it is not surprising that a number of incidence (or population) studies of congenital heart disease have been attempted in the past. Given the difficulties attendant upon precise clinical cardiac diagnoses, the In equating period prevalences with incidence, the assumptions are made that the rate of congenital heart disease in abortions is zero, which is certainly not true;2 that all congenital heart lesions are present at birth, which may be true; and that it is possible to separate prognosis from incidence, which may or may not be true.
Definitions
Incidence rates are dependent upon, among other things, the definition of the disorder under study. Some studies make the tacit assumption that the term congenital heart disease is selfdefining;3 others include the entire cardiovascular system4 (e.g., absent right hypogastric artery is included as a malformation of the cardiovascular system); and still others rigorously define the lesions included. 5 Congenital heart disease is here defined as a gross structural abnormality of the heart or intrathoracic great vessels that is outpatient care were evaluated in detail, and detailed review was conducted on all autopsy and hospital records on which the diagnosis of "possible" or "definite" congenital heart disease was recorded.
The overall autopsy rate for stillbirths in this study was 93%, while for neonatal deaths and for deaths occurring at 28 days or more it was 89 and 76%, respectively. At the time of this analysis 247 children 1 year of age and over had died. Approximately one-third of surviving children have reached 7 years of age; the youngest is 3 years of age, the oldest 11. Preservation of organs other than the brain was not a requirement of the protocol, since the major focus of the primary study was on cerebral palsy and mental retardation. However, 35% of autopsied anomalous hearts were preserved, and independent re-examination of these was performed for this study.
Ascertainment
Ascertainment of cardiac lesions among liveborn surviving youngsters was conducted in two ways. A computer print-out was obtained in May 1966 from an incomplete file of reports on all living youngsters in whom definite or suspected congenital heart disease was reported during the first year of life. Secondly, one or more visits was made by one of us (S.C.M.) to each of the participating centers, where various local mechanisms were available for futher identification of children with heart disease. All available hospital records, including those from cardiac clinics, were reviewed with the pediatric cardiologists at each study hospital. This total effort yielded some 549 children with definite, probable, or possible congenital heart disease.
Subsequent examinations by study physicians, private pediatricians, and pediatric cardiologists divided these 549 youngsters into three groups: 272 with definite congenital heart disease, 222 with normal hearts, and 55 nonrespondents. Pediatric cardiologists have examined 93% of youngsters with definite congenital heart disease, and 66% of children initially thought to have possible or probable congenital heart disease but subsequently found to have normal hearts. The 55 nonrespondents were youngsters in whom study pediatricians found signs suggestive of congenital heart disease during the first year of life, but who did not return for definitive examination. Some of these children probably have cardiac lesions and our incidence estimate is consequently somewhat low; but it is unlikely that serious anomalies exist, since all are known to be alive and well at the present time. The average follow-up time for the surviving youngsters is 3 years and 6 months, with a median of 3 years and a range of 1 month to 9 years. tEight patients with established congenital heart disease died and were not autopsied. The 56,109 total study births included 602 pairs of twins and six sets of triplets. Congenital heart disease was identified in 20 of the 1,204 twins. There were only two pairs of twins (four infants) in whom both babies were afflicted with congenital heart disease. One of these pairs were conjoined infants who shared a complex cardiac malformation. Thus, the incidence of congenital heart disease among twins in this study was 16.5/1000. Ventricular septal defect (which closed spontaneously) was detected in one triplet whose brother and sister were normal.
Recurrence of cardiac anomalies among siblings was noted in only two families (excluding the twins described previously), whereas 14% of the mothers were enrolled in the Collaborative Study for more than one pregnancy. Abbreviations: VSD = ventricular septal defect; PS = pulmonic stenosis; ASD = atrial septal defect; ECD = endocardial cushion defect; PDA = patent ductus arteriosus; C of A = coarctation of the aorta; EFE = endocardial fibroelastosis; TGV = transposition of great vessels; RV = right ventricle; EMF = endomyocardial fibrosis.
Cause of Death

*Descriptive details given in text.
Circulation, Volume XLIII, March 1971 Table 5 separates coarctation of the aorta into two categories, pre-and postductal. This distinction is not universally accepted nor is the developmental pathology fully understood. While three of the preductal patients had hypoplasia of virtually the entire ascending aorta and one had complete interruption of the arch, the other 14 autopsied patients (one patient who died at 24 days of age was not autopsied) had short segment or membrane type coarctation not grossly different from the lesion in postductal coarctation. Nonetheless, the natural history (all the patients with preductal coarctation died in infancy, whereas all but one of those diagnosed as having postductal coarctation of the aorta survived) as well as the associated malfornations (60% of the preductal patients had these as against 30% of the postductal) suggest that these two probably are separate entities. Distribution nificant difference between pre-and postductal coarctation, nor does it bear out reported observations that coarctation of the aorta is rare in Negroes.12
While all 11 patients with postductal coarctation of the aorta have survived more than 4 years, two were symptomatic as neonates and required therapy for incipient heart failure. Still, this malformation is often silent during infancy and early childhood, and it is possible that some cases in this study have been overlooked. Thus, the true incidence among living children with congenital heart disease may actually be more than the 4% observed here. The mean, median, and range of follow-up times by lesion is given for all survivors in table 11 . Discussion
As with any epidemiologic study the ascertainment is dependent not only upon the definitions established, the population surveyed, and the methods used, but upon the ethical decisions which determine the vigor with which ascertainment will be pursued. Any or all of these may lead to over-or underestimation of the anomalies being investigat- The problem of events does arise in assigning a cause of death to those youngsters with heart disease who died either of it or with it. Table 3 shows that none of the causes of death assigned to the still-births were cardiac, although all had congenital heart disease. The rationale for this is that, except for rare abnormalities such as severe endocardial fibroelastosis or persistent tachycardia with consequent congestive heart failure, most anatomic aberrations that are compatible with 6 months of intrauterine life are also compatible with live birth at term. Cardiac death in utero did not appear to have caused any of the stillbirths. It may also be true that malformations of other organ systems do not cause death in the last 3 months of pregnancy. Hertig,15 in reviewing 1000 abortions, attributed only 3% to localized anomalies of the embryo. However, the intent behind table 3 is to help in the identification of those babies who should be the focus of intensified therapeutic efforts. It, therefore, seemed prudent to start with those who did not have multiple handicaps. Hence, "cause" should be read in the sense of "apparent cause" or "ultimately incompatible with life" rather than "underlying cause."
In addition to the therapeutic problems that multiple malformations present, they present problems in etiology. It would be easier to identify clusters of abnormalities as related to a chronology of critical events if the abnormal developments which result in congenital malformations were well defined. In fact, there are no data to establish whether agenesis of an organ reflects total failure of development or total resorption during development. Similarly, hypoplasia may be the result of arrested or deviate development which was previously normal, or unimpeded development which was abnormal at the outset. The only apparent specific correlate between cardiac and extracardiac malformations is presented in table 5. While interesting and of some practical significance, the etiologic implications remain obscure.
Some aspects of the natural history of congenital heart disease can be elucidated by this study. However, since this study population is 47% black and 53% white, and "white" includes 8% Oriental, Puerto Ricans, and others, the applicability of the frequencies of specffic lesions to the country as a whole is open to question. The unexpected frequencies of lesions such as truncus arteriosus and transposition of the great vessels illustrate the effects of both the natural history of the lesions under study as well as the study design. By contrast, the relatively large number of patients with double-outlet right ventricle appears to be due to the increased cardiac awareness of this lesion and to improving clinical and pathological acumen.
The patients with abnormalities of the origin of the coronary arteries are, of course, confined to the autopsied population and do not represent the incidence in the population at large. Possibly they do not properly belong in a study of congenital heart disease, since their presence is most apt to be manifest as acquired or arteriosclerotic heart disease. However, in view of their relatively frequent association with tetralogy of Fallot,"1 transposition of the great vessels, and other complex anomalies, it would appear that etiologically, at least, they constitute one part of the spectrum of congenital heart disease.
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